INTRODUCTION
Salmonellae are intestinal bacteria and are frequently found in effluents, human waste matter as well as any material exposed to faecal contamination [1] . Salmonella enterica have been adjudged as the primary agents of foodborne illnesses globally because of its involvement in food-borne illnesses and intoxication [2] . Shellfish refers to exoskeletonbearing aquatic invertebrates that are consumed globally. They include the molluscs (oysters, clams, scallops, mussel and periwinkles), crustaceans (lobsters, crabs, shrimps, crayfish) and echinoderms (sea cucumber, sea urchins, seastars and sand dollars) [3] . Shellfish are very nutritious offering a good source of omega-3 fatty acid, vitamin B12, minerals and micronutrients. It is recognized as a healthy dietary component and a cheap source of income for the coastal populace [4] .
Shellfish being filter feeders accumulate pathogenic bacteria, viruses and toxic chemicals from the surrounding water into their body [5] . In addition, Salmonella may contaminate shellfish during harvesting, storage and processing [6] . Human salmonellosis arising due to the traditional consumption of raw or partially cooked shellfish are well known to constitute health problems globally [7, 8] . Arising from this, there is an estimated 80.3 million cases of food-borne salmonellosis globally (with over 155,000 deaths) [9] . Antimicrobial drugs have been used for the treatment of infections caused by microorganisms until the emergence of antibiotic resistant bacteria in foods from animal origin. A study by Newell et al. [10] reported a horizontal transfer of resistance genes between bacteria from shellfish, humans and animals through the food chain. Several treatment options for salmonellosis in humans have failed due to the emergence of both chromosomal and plasmidmediated resistance against the commonly used antimicrobials [11] . This study is aimed at identifying multi-drug resistance (MDR) and plasmid-mediated quinolone resistance (PMQR) Salmonella spp.; and to carryout antibiotic susceptibility profiles on the isolate to aid clinical and health workers in their selection of drugs for treatment of foodborne diseases which may arise from consumption of contaminated shellfish. A 25 g of each shellfish homogenate was transferred into 500 ml Erlenmeyer flask containing 225 ml of lactose broth (Oxoid, UK) for pre-enrichment at 37°C in an incubator (Kemi, India) for 24 hours [13] .
METHODS

Study Area / Design
Sample Collection/Processing
Enrichment in selective liquid media
From the pre-enrichment, 0.1 ml and 1 ml was transferred using a sterile pipette into 10 ml of Meuller-Kauffmann tetrathionate broth (MKTB) and 10 ml of Modified Semi-solid RapapportVassilidis Agar (MSRV) respectively. The inoculated tubes were incubated at 37°C and 41°C for 24 hours [14] .
Selective plating
From the enrichment, a loop full from the incubated broth was transferred onto Xylose lysine Deoxycholate Agar (XLD), Brilliant Green agar (BGA) and incubated at 37°C for 24 hours.
Purification /maintenance of pure culture
Typical bacterial isolates were purified by streak plating on nutrient agar, and incubated at 37°C for 24 hours. The colonies formed were maintained on nutrient agar slants after subculturing as pure cultures before preserving in the refrigerator at 4°C for further analysis.
Characterization and identification of Salmonella enterica
The purified colonies were presumptively characterized using the method of [15] . This characterization was based on the cultural, morphological, Gram reaction, motility tests and standard biochemical tests such as; oxidase, urease, indole, Voges-Proskauer, Hydrogen sulphide production, catalase, citrate utilization and sugar fermentation tests. Salmonella enterica was confirmed by sequencing the 16S ribosomal RNA of the isolates and matching a 100% similarity with that in the gene bank.
Antibiotic Susceptibility
The susceptibility of the bacterial isolates to antimicrobial agents was carried out using the Kirby-Bauer disk diffusion method [15, 16, 17] . Commercially procured discs were used for this study. They were; nalidixic acid (30 µg), ciprofloxacin (5 µg), amoxicillin (25 µg), norfloxacin (10 µg), trimethoprimsulfamethoxazole (25 µg) and chloramphenicol (30 µg), gentamicin (10 µg), erythromycin (5 µg), streptomycin (10 µg) and tetracycline (30 µg.). A bacterial lawn was prepared by transferring culture from stock into tubes containing 2.5 ml sterile normal saline using sterile inoculating loop and incubated at 37°C for 4 hours. The density of the suspension was compared with barium chloride (0.5 McFarland Turbidity Standard; 1.0 x 10 8 cfu/µL). A one hundred micro litres (100 µl) of the inoculum was flooded onto already prepared and dried nutrient agar plates using spread plate method. The excess inoculum was siphoned using sterile Pasteur pipettes and the antibiotic discs were aseptically placed on the surface of the seeded medium at equal distance using sterile forceps. The seeded plates were incubated inverted at 37°C for18 hours. The diameter of the zones of inhibition were read and interpreted in accordance with the United States Clinical and Laboratory Standard Institute [15, 18] .
16SrRNA Amplification
The amplification of the 16S rRNA region of the rRNA genes of the isolates was carried out using the 27F: 
DNA Extraction/Sequencing
The bacterial genome was extracted using boiling method with heating block at 95°C for 20 minutes. Plasmid DNA was extracted using Plasmid mini-prep kit (Inqaba Biotechnology, Pretoria, South Africa). The sequencing of the amplicons was carried out according to themanufacturer's instructions on a 3510 AB1 sequencer using the Big Dye Terminator Kit (Inqaba Biotechnology, Pretoria, South Africa.
Amplification of qnr Genes
The qnrA, qnr B and qnr S genes each were amplified on a AB1 9700 Applied Biosystems thermal cycler at a final volume of 50µ1 for 35 cycles. The PCR Mix was the X2 Dream TaqMaster mix supplied by Inqaba, South Africa (Taq Polymerase, DNTPS, Mg Cl), 0.4M concentration of Primers was used, and lastly, the extracted DNA was used as template. The cycling conditions for amplification were as follows: Initial denaturation for 5 minutes at 95°C; denaturation for 30 seconds at 95°C ; annealing at 52°C for 30 seconds; extension at 72°C for 30 seconds for 35 cycles and final extension at 72°C for 5 minutes. The resulting PCR products were analysed by electrophoresis with 1.0% agarose gels in Tris-borate-EDTA buffer (TBE;Gibco, NT, USA) at 120 V for 20 minutes. The gels were stained with ethidium bromide and bands produced were photographed on an ultraviolet light trans illuminator. A molecular weight standard (100 bp and 1000 bp ladder, Promega, Madison, USA) was included on each gel 
Data Analysis
The Statistical Package for Social Sciences (SPSS 22.0 Inc., Chicago, USA) was used to analyze the data generated from this study. Pvalues of less than 0.05 (P <0.05) were considered statistically significant.
RESULTS AND DISCUSSION
The mean heterotrophic bacterial counts in clams and oysters from Iko Creek are presented in Table 1 (Cfu/g) in rainy season. The shellfish samples in this study harbored higher number of Salmonella enterica during the dry season than the rainy season. There was no significant difference in the prevalence of the bacterium across the seasons at p > 0 .05 for both dry and rainy season. Brands et al. [19] also isolated Salmonella spp. in oysters in the USA and Heinitz et al. [20] isolated Salmonella spp in seafoods. In a similar study on shellfish by Martinez-Urtaza et al. [21] , the researchers observed that higher incidence of food-borne diseases from shellfish were as a result of direct contamination of harvest waters with human sewage.
Oysters and Clams are filter-feeders; therefore they accumulate pathogens and toxic chemicals from the surrounding water that they live in. This explains the higher bacterial count in the gills than the intestine from this study. A study by Solomon et al. [22] further explained that contamination of the shellfish could also arise during its processing, transportation and storage or from polluted waters [23] . The comparison of the shellfish bacterial counts in the shellfish parts by seasons showed that the mean rank score of the bacterial colonization in dry season were 72.55 for intestine and 64.46 for gills, 42.45 was recorded for intestine while 31.14 was recorded for gills during rainy season. The reason for the high bacterial counts during the dry season is due to the temperature of the harvesting water, pH and salinity. The numbers seemed to reduce in colder waters [19] .
The food codex of [24] stipulates absence of Salmonella and Vibrio cholerae in seafood products. In this study, Salmonella enterica was isolated from the shellfish samples and as such, the shellfish samples are not fit for consumption, unless cooked properly [25] . The antibiotic susceptibility profiles of the bacterium are presented in Table 2 .
The bacterium showed the highest resistance of (100%) against nalidixic acid and norfloxacin, followed by amoxicillin, ciprofloxacin and streptomycin (95.24%), trimethoprimsulfamethoxazole (90.48%), chloramphenicol and tetracycline (83.33%), and erythromycin (71.43%). The isolate showed multiple drug resistance. Results from this study corroborate results from the works of [26] who observed multiple drug resistance (MDR) organisms in seafoods and wastewaters [27] . A similar study by Walsh and Toleman [28] showed that the bacterium may interact and exchange resistance genes in the aquatic environment that might have been transferred from humans to animals through food and vice versa [10] . Another study by Foley and Lynne [11] described the isolation of Salmonella strain resistant to ampicillin, chloramphenicol, streptomycin, tetracycline and sulfonamides. Khan et al. [29] observed the resistance of Salmonella spp. to trimethoprimsulfamethoxazole, ampicillin, tetracycline and chloramphenicol.
Results from the work of Bouchrif et al. [30] and Minami et al. [31] agree with results of this study on the resistance of isolated Salmonellas pp. to streptomycin, nalidixic acid, ampicillin and tetracycline.
The distribution of the qnr genes among the Salmonella isolate is shown on Plate 2. Seventyone percent of the isolates in this study expressed the qnrB genes but not qnrA and qnrS genes. The possession of the qnr gene by Salmonella spp. confers resistance to the quinolones class of antibiotics as observed in this study.
The qnr genes being carried on the genetic element such as plasmid that can step up the synthesis of the qnr proteins may bind to the DNA topoisomerase thereby prevent binding by quinolones [32] . The consequences for the possession of the qnr genes include increased severity of the infection, prolonged hospitalization, treatment failure and even mortality [10] . 
CONCLUSION
Shellfish samples in this study were contaminated with Salmonella isolates possibly from the polluted underlying water in which they were harvested or during storage and processing. The isolates also showed multi-drug resistance against 9 out of the 10 antibiotics tested against them.
The Salmonella enterica in this study expressed the qnr genes which confers resistance to the quinolone class of antibiotics. The only effective drug for the treatment of Salmonella infection in this study was gentamicin. An integrated approach to ensure safer harvesting water for the shellfish should be adopted to avoid food-borne infections from shellfish.
ETHICAL APPROVAL
As per international standard or university standard written ethical permission has been collected and preserved by the author(s).
